Considering the increased importance of custom integrated circuits in electronic equipments and other products there is a research activity in Hungary to develop a "state-of-the-art" semiconductor development laboratory for technology development and prototype circuit fabrication. The most significant parts of this laboratory are circuit design, mask making and wafer lithography. The problems associated with these three parts are discussed.
INTRODUCTION
Considering the increasing importance of integrated circuits in the development of electronic equipments and other products, the user industries must have easy access to sophisticated, highly developed I/C devices.
An ideal digital system for instance uses similar integration levels for all major building blocks, such as microprocessors, memories and random logic.
Random-logic circuits that hold a digital system together, are implemented largely with a number of small and medium-scale integration (SSI and MSI) chips.
Most requirements can be met with standard offthe-shelf integrated circuits, but for those that cannot, one has to find another solution. The alternatives are:
-circuit designs from discrete and off-the-shelf 3.
MICRO LITHOGRAPHY
The role of computer graphics, mask making and wafer imaging techniques in the design and manufacture of custom integrated circuits will now be discussed. It deals with the critical aspects of both the design and prove-out phase and the following manufacturing activity. The complexity of integrated circuits has led to the wide acceptance of computer aided design in this technology. Today the overwhelming majority of IC designs are developed using some form of CAD.
There are three general classes of CAD programs in use in physical design today: one is the automated layout program a second is the generation of the design manually followed by digitizing using an interactive graphics system (IGS) the third uses the IGS as an on-line design tool. The class of CAD used depends on the type of circuit design" i.e.'--automated layout programs work with standard ceils (similar to automated PCB layout systems).
They can provide complex LSI layouts. This method is ideal for product runs of less than a few thousand devices, especially when combined with an IGS for editing and modification.
The IGS offers the best approach for complex and large circuits. IGS systems can be used to generate both the IC design and the pattern generator PG control tapes for mask making.
If the computing power of the system is high, then the response time of the IGS system is high, and this allows the user on-line design, completely eliminating manual layout. On-line design lets the designer layout and modify the design directly on a display with designer oriented system capabilities. But generally the two techniques are used together. (See Figure 2) The major problem with making reticules on an e-beam system is the data handling, because such a system was designed not to make reticules, but to make master masks, or direct exposures on wafers.
We believe e-beam technology will complement, not displace photo-optical equipment for a very long time to come.
The spectacular advances which have occurred, and will continue to occur, in the main stream LSI/VLSI thrust of the semiconductor field will impact no other area more than mask making. To mention a few of these interactions: the massive introduction of 1:1 projection printing in wafer fabrication changed the requirements from many quality masks to a much smaller number of "perfect" ones. Using direct step on wafer printing is going from reticle directly on the wafer by-passing mask making and masks.
If fine line lithography is to advance successfully and if chip areas are going to increase, cleanliness, inspection and repair will have to be further emphasized.
WAFER FABRICATION
Perhaps the greatest changes in wafer processing are taking place in the pattern-printing step. At the early stage of the semiconductor industry the high "priests" of science were the engineers who worked in diffusion and oxidation. The diffusion engineers were "educated" how to understand what they were doing and how to figure out mathematically what they were supposed to get when they put wafers into a furnace. Diffusion was a science, oxidation was a chemistry and later ion implantation was physics. The necessary theories, the theoretical background were developed. 4's'6 Lithography, the most expensive and most critical part of the entire semiconductor manufacturing process (especially for LSI) was left to languish as being scientifically important.
Today microlithography is generally considered to be the most important technology in the semiconductor industry. 7 Modern microlithography encompasses such diverse disciplines as chemistry, optics, quantum mechanics, electronics, computer graphics and mechanical engineering. It is an interdisciplinary field.
In the production the well-established contact printing is used together with projection printing, and becoming increasingly important are such new techniques as direct step on wafer 8 and exposure of the pattern onto the wafer with electron beams. 9 Contact printing has excellent resolution, but high defect density. 7 Projection printing is applied typically to such LSI devices as memories, microprocessors and calculators. 7 The vast majority of these chips are needing 3 to 5/am line widths and in the future the geometries of production chips will require 2-to 2.5/am. These chips are large with low yields, so even small yield increases will offer big savings.
On the production side of the industry, the major producer will use direct step-on wafer (DSW) for only the most critical masking levels, 
